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Oscillatory  hinge-moment  characteristics  have  been  obtained  from 
free-fli@t  tests of two  rocket-powered  models. Esch model  was  equipped 
with a 600 delte  wing  featuring a constant-chord, full-spm, trailing- 
edge  control  hinged  at 55 percent  control  chord.  One  control was modi- 
fied  by  cutting a row  of  chordwise slots cear  the  leading  edge.  Data 
were  obtained at near  zero  angle of atteck  at  Mach  numbers  from 0.5 
to 1.8. Corresponding  control 
to 0.04. 

Results  indicate  that  the 
chord  did  not  prevent  unstable 
control  damping  appeered  to  be 
oscilhtion was  increased. 

Control  restoring  moments 

reduced  frequencies  renged  from 0.12 

hinge-line  location of 55 gercent  control 
control  aerodynamic hping. Aerodynemic 
more  stabilizing  as  the  amplitude of 

were  stable  except f o r  Mach  numbers  less 
than  about 0.85. The-hinge-line  location of 55 Fercent  control  chord 
considerably  reduced  the  relakively  high  restoring mments of the  plain- 
flap-type  control. 

The  effect of the  slots  near  the  leadiag  edge of one  control  wes -t;o 
decrease  the  supersonic  control  restoring  monents  about 25 percent  and 
to decrease  the  magnitude of the  zeroayllesic  coEtrol  darrging  monents 
especially'et  transonic  speeds. 

INTRODUCTION 

Control  "buzz" has been a problem  ever  since  sirplanes  have flown 
at  transonic  speeds.  Although  this  single  degree-of-freedon  flutter  of 
t he  control  &bout  its  hinge  axis is predicted  by  potential  Plow  theo-ry 
(ref. I), there is experimental  indication  khat  shock-separated flow also 
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my be a significant  factor (1 ) .  Some 02 the mre recent 
NACA investigations of this pro found  in  references 4 to 8. 

" 

Suggested ways of elirdmtin usually  include  the fo l -  
lowing:  the  additioc- of external e control  system,  stif- 
fening  the  control  system  to  incr r o l  natural  frequency,  and 
aerodyndc modifications.  The la thods  was  attempted  in 
the  present  investigation. 

It vas noticed  that  the  sape  heory  of  reference 1 pre- 
dicts  only  stable  damping moments for a surface with a pivot axis far 
enough  rearward  of  its  leading  edge.  Thus,  it  Eppeared  that  theoretical 
justification  existed  for  attempting to eliminate  buzz by the  use of a 
rearward  hinge  line  if an assumption  that  the  control  would  not  be 
affected  by  the  presence of the  xi2g  were  accepted. For %he controls of 
the  present  iwestigation,  the  axis  location  predicted for neutral  aero- 
dynamic stability was about 9 . 5  gercent  chord. 

Tierefore,  an  investigation  using a rocket-powered d e l  and 
enrploying  tie  free  oscillation  techniqLie  was  coniiucted  to  measure  the 
oscillatory hinge mments at  near  zero  angle of attack of two  trailing- 
edge  controls  hinged  at 55 percent  control  c'nord  and  installed on a 
600 delta  wing.  One control was modified  by  cutting a row of chordwise 
slots r-ear the  leading  edge  to  insure  stable  aerodynamic  control 
restoring  moments.  Mach  numbers  ranged fYox 0.5 to 1.9 and  Reynolds 
number  Fer  foot  varied from 2 x io to 13 x 10 . Data  were  obtained  at 6 6 
control  reduced  freqaencies of 0.12 to 0.04 and  at  control oscillation 
amplituaee  up  to *t5O. 

Results  are  presented  herein En& cornarea  with  potential flow theory 
where  available. 

Some preliminary  results  of  one of the  present  test  flights  have 
been  ?resented  previously  in  reference 7. 

C control  chorb, ft 

v free-stream  velocity,  ft/sec 

M Mach  nmiber 

a 

9 free-stream dymamic pressure, ~ b / s q  ft 
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Reynolds nmber  based on a ' l ength  of 1 foot 

aerodynsuic colztarol hinge noment per  unit  deflection, 
ft-lb/- radian 

control hinge-moment coefficient, Control hinRe moment 
2" ¶ 

control  surface  deflection,  posit ive  trail ing edge down, 
r ad ims  except es noted 

t i m e  derivative or" corbrol surface deflection,  radians/sec 

amplitude of control  oscil lation  emelope, deg 

a e r o m - d c   c o n t r o l  restoring-moment coefficient,  

aerodynanic  control damping-moment coefficient, 
Irmginary  pert of % 

2" qk 
, per  radian 

r e t i o  of actus1 dariqing t o   c r i t i c a l   w i n g  

control demped netural  frequency,  radians/sec 

control damged natural  frequency  in s t i l l  air, radians/sec 

control  reduced  frequency, w / 2 V  

nomelzt of control  area rearwcrd of and  about  hinge  line, f t3  

model longitudinal  acceleratioc, ft/sec 2 

In   s t ab i l i t y   no ta t ion   t he  symbols C B ~ , ~  and Ch- are defined 
SYU 

es Pollovs: 

2V 
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MODELS AND TESTS 

Models 

Tne models used i n  this investigetion  consisted of a pointed  cylin- 
d r i c a l  f’uselage  equipped w i t h  60° clipped-delta wir?gs. Vertical  t a i l  
f i n s  provided yaw s t s b i l i t y .  The mdels xere  identical  except  for  the 
control  surface. The fuselage  consisted of a fabricated aluminum-alloy 
core wrapped w i t h  mahogany. The nose cone was p l a s t i c  and the t a i l  sec- 
t i o n  wcs a ragnesim  tube.  A dimensioned sketch of the rr-odels is shovn 
i n  figure 1 and photogrsg’ns of the model, the control, and a motor-driven 
caz for  excit ing  the  control  are shovn in   f i gu res  2 and 3 .  A schemtic  
of a similar Plucking mechanism is shown i n   f i g u r e  3(b) of reference 6. 

T:ce wings were of solid magnesium al loy and had an NACA 63~003 air- 
fo i l   s ec t ion .  One xing  paml embodied a constant-chord  (13-percent 
exposed  wing-root  chord),  full-sPan,  trailing-edge  control. The control 
was hinged a t  i t s  55 percent chord m d  w a s  supported by  two bearings. 
The inboard  bearing,  located  inside the f’uselage, %-as a self-alining 
b e l l  Searing and the  outboard  beming was a journal  bearing. 

The controls were =de of s t e e l  and hsd a mdified double wedge 
section  with a b lunt   t ra i l ing  edge.  See figure 1 for  control  section. 
The gap beixeen the wing and the control was 0.07 inch  for model A and 
0.06 inch for model B. The control of m6el B differed from the control 
of model A i n  t h a t  a row of slots m s  cut  near the leading edge as shown 
i n   f i g z e s  1 acd 2. The t o t a l   s l o t  area was 16.5 qerceEt of the  control 
area. 

Experimentally  determined d y n d c e l  constants of both models a re  
presented  in table I. 

Preflight Tests 

Pref l ight  tests vere conducted t o  Cietermine the s t ruc tura l   o r  tare 
darrping of the  control systerr. as well as t o  obtain  the  spring  constant 
and i n e r t i a  of the control  systerr. It vas found tha t   the  tare damping 
of the system  remained fs i r ly   constant  under no load  af ter  the bearings 
were cleaned and lubricated xith Molykote (a comnercial  preparation 
s i r r l la r   in  appearance t o  grashite) . Considerzble e f fo r t  was expecded 
t o  evaluate  the  effect of external  control  loads on the t a r e  Camping. 
However, this ef fec t  was obscured by f r i c t i o n  between the  loading 
.zpgaratus  and the control  surface at the  point of load  application. 

Since it w e s  anticinsted that+, the  controls wauld oscil late  during 
f l i g h t  et  frequencies  less  than  the still-air value, an ettelr;pt was made 
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to determine  what  effect  oscillation  frequency  would  have  on  the  tare 
&anping. Tits was dor-e  by clawing weights  near  the  trailing  edge of 
the  control  surfzce so as  to  increase  the  inertie of the  system and 
thereby  lover  the  natural  frequency.  Tare  dartping  records  for  t'r?ree 
additional  frequencies  (down  to  about 20 cps)  were  obtained  for  both 
models.  Results of these  tests  are  presented  in  the  section  entitled 
"Results anti  Discussion." 

Flight  Tests 

The  flight  tests  vere  conducted at the  Lsngley  Pilotless  Aircraft 
Reseuch Statior- at Wallops  Island, Va. Both  models  xere  boosted  to a 
M c h  nuber of  about 1.9 end  coasted  back  down  the M&ch number  range. 
It %is &uric4  this  coasting  period that the  datz  were  obtained.  Longi- 
tudiml deceleration  varied  from 1/2 to 7 times  the  acceleretion of 
gravity. 

Existing  Pli@;l?t  conditions  resulted in  the valries of Reynolds nun- 
ber End dyn~rdc pressure  presented  in  figures 4 and 5 as a function  of 
Mhch nmber . 

Inductance-type imtrunents neasured  time  histories of control 
deflection,  total  pressure,  and  norpal  acceleration of both kdng pmels. 
These  date.  were  telenetered to a gromd receiving  station  and  recorded. 
Response of the  zeasursng a d  recording  instrumentation  was  such  as to 
require  only a smll correction  to  the  recorded  deta  at  the  frequencies 
encowtered in  the  tests. 

A radiosonde wzs used  to  obtain  atmospheric  d8te  at  all  flight 
eltitudes.  Flight-path  data  were  obtained *om SC3-584 tracking  redar, 
&nd Od Doppler  radar  was  used  to  determine flight velocity m d  iongi- 
t u d i n a l  acceleration. 

The free-osciilation techiqae was  used  in  this  investigation.  The 
comrols were  plucked  periodically by T E ~ S  of a motor-driven  cam  (see 
rig. 3 Tor gbotogrti;phs of the  control.  plucking  system)  and  the  resultant 
free oscillazions of the control  were  recorded  as  shown  in  figure 6 .  
With the  assumptiom that  the  control mtion was effectively  restricted 
to  oEe  degree of rreedom and that  the  aerodynamic  damping  forces on the 
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control  could be represented  adequately by viscous  forces,  the  in-phase 
or restoring compoEent of the  control hil.1-ge monents -was obtained frox 
t h e  frequency of the  control  oscil lations and the control out-of-phase 
or danging coriponent vas  determined from the r a t e  of  logarithmLC growth 
or decay of the  oscil lation. The procedure  used i n  reducing  the  deta 
to   obtain the aerodynamic hinge-moment coefficients is presented i n   t h e  
appendix . 

Tce frequency of the  plucking  action was 3 cycles  per second for  
both rzodels. The mpli tude at which the coctrols of mdels A ar-d B were 
released at the en& of their respective  plucking  actions was 2.750 and 7O. 

ACCURACY 

It i s  estimkeci  that  errors  in  the  basic  quani;ities are aboEt as 
follows : 

Qusnt it y Error 

x . . . . .  
v . . . . .  
q . . . . .  
6, deg . . 
&, deg . . 
Eo, percent 
E,  percent 
a, percent 

. . . . . . . . . . . . . . . . . . . . . . . .  fO .01 . . . . . . . . . . . . . . . . . . . . . . . .  f10 . . . . . . . . . . . . . . . . . . . . . . . .  k.50 . . . . . . . . . . . . . . . . . . . . . . . .  fO .4 . . . . . . . . . . . . . . . . . . . . . . . .  +o .2 . . . . . . . . . . . . . . . . . . . . . . . .  t 5 t O f 1 0  

. . . . . . . . . . . . . . . . . . . . . . . .  f 5 t o f 1 0  
fl . . . . . . . . . . . . . . . . . . . . . . . .  

Control Tare  Demping 

Control  structural or t a r e  -ping  vszlues are  presented  in figure 7 
a s  sz fumxion of deflection  mplitucie. The data  labeled  "origins1  Cali- 
bration"  vere meas*jred by the Lmgley  Instrument  Reseerch  Division  about 
two -+reeks before the f l i@-t   tes ts   xere  conducted. The ciata for   the  
curves  labeled "on launcher" were obtained  seconds  before the f l i g h t  
tests. These values were l a t e r  found t o  be  somw3at greater  than  those 
of the  original  calibration.  Since  the 011 launcher  values were recorded 
E t  the time of tke f l i g h t  test, they were used in  the  reduction of the 
aerodynamic control damping data. 

I 

As previously  nentioned,  the  effect of frecuency on t s r e  daxping 
m s  Fnvestigsted for both  controls at frequencies ranging from the control - 



7 

s t i l l - a i r  frequency  (see table I) t o  &bout 20 cycles  per second  through 
d i r ec t  daaping measurements. Results of these  masurerents ilzdicated 
tha t  the   t a re  fianping of the  control systems w a s  not  viscous or hyster- 
etic,   but  correlated best to the  prerdse  that  percent.  critical  dmping 
is  indecendent of frequency  of  oscillation. This result w a s  use& i n  
the reEuction of the flight deta ES shown i n  the  appendix. 

Control  Aerodynadc  Dmging 

Measured varietions of control clanping mment coeff ic ient   vi th  Mach 
nmber  ere  presected  in  f igure 8 to   i nd ica t e   ( i n  coezf i c i en t  Torn) t3e 
r e l a t ive  c m u n t s  of tare  dmping ard aerod&mamic  damping which comprise 
the to ta l   cont ro l  damping. Both sets of tzre &amping data are included 
t o  show the  effect  of their   d i f ferences on t h e   e e r o d y x d c  damping 
resu l t s .  A s  can be seen, the aero6ynad.c d a p i n g  i s  a small par t  of 
t he   t o t a l  conkrol  daaping a t  lov subso!~ic speeds w d  et t i e  higher  super- 
sonic speeds. It is i n   t i e s e  ranges tha t   mderz te   d i f fe rences   in   t a re  
daaping  correspond to  large  percentage changes i n  aer0Ciymrd.c danping. 

Figure 8 shows t h a t  t he   t o t e l  dalrpirg of the coctrol systerr. was 
s table  throughorL the J!Jlach number rm-ge for the oscilletion  a-lctudes 
presented. This plo t  also indicates tha t  the location of the hinge 
axis a t  55 percent  control chord did not prevenk t'ne occurrence of 
Linstable aerodynF;n;ic control damping. However, the ins tab i l i t i es   vere  
mild and resul ted  in   constant   mpli tude  osci l la t ions only s l igh t ly  
greater t'ian the i n i t i a l   i n p u t  amplitude. 

The er"fect of oscillation  emplitude is  shown i n  figure 9 i n  -which 
the aerody-namic control   dzqing m ~ n t  coefficient CG,,, is presented 
as a f w c t i o n  of Mach  number for various  deflections. The on launcher 
t a r e  danping  vzlues were used in   obtaining  these  resul ts .  The 6ate. show 
tha t  the  aerodynalrlc  control  danping m s  =ore stable a t  the larger  ampli- 
tudes of o s c i l k t i o n .  Hovever, it should be pointed  out thet this ef fec t  
WES not  large and could have been distorted  considerably by inzccuracies 
i n  tzse w i n g  values. Shovn for  conparison i n  figure g(a) are theoret i -  
cal   values of Cp,,,,, extracted f r o m  reference 1. These velues were com- 
puted f o r  the measured v d u e s  of reduced-frequency permeter  which a r e  
:resented i n  figure 10 as a function.of 3kch number f o r  both models. 

The f ac t  tha t  the smell arrrplitude data a t  t'ne lowest Mach nunbers 
indicate  unstable  aerodynmic damping i s  believed t o  be an  indication 
of incorrect  velues of tare &amping. A s  previously  gointed out, the 
aerodynardc damping is  very- s ens i t i ve   t o  changes i n  tare &awing a t  these 
low MIch mnfbers. For the  s a m  reason, it i s  f e l t  t ha t  the higher super- 
sonic data indicate  only that the  aerodynmdc damping i s  very close t o  
zero and  becones more s table  with increasing "ach number. 



Concerning Vne ef fec ts  of t h e   s l o t s   i n  one control, it appears  tnat 
the absolute magnitude  of aerodynamic danping is  decreased by the   s lo t s  
especially E t  transonic  speeds. There i s  no s ignif icant   dif ference  in  I 

the general  level of aerodynavdc dempirg fo r  the slotted  control.  

Control  Restoring Moments 

The aerodynemic in-phase  or  restoring moment coefficient %,a 
i s  presented  in  f igure 11 as a function of Mxh number for  both  controls 
investigated. These data were measured st the  deflection  rmges  indi-  
cated. It should be mentioned that frequency was found t o  have no 
systemtic   vzsiat ion w i t h  aznplitude of osci l la t ion  for   the model B con- 
t r o l  as neesured a t   s eve ra l  Xich numbers and remined  within  about 
klL cycles  per second  of i t s  mean value  for  amplitudes up t o  *6O. 

Shown i n  figure 11 for  coxparison are theoretical  values computed from 
the  potent la1  f lov  resul ts  of reference 1 which do not  consider the 
Sresence of the wing or  the  control  cut-out  for  the  bearing  support. 

2 

Ehe experimental r e su l t s  of  both  controls  indicate stable restoring 
nomnts  except for ?.tach numbers less  than  about 0.85. Although this  
was not  expected, it i s  reasonsble t o   a t t r i b u t e  this s t a b i l i t y   t o  the - 
control  cut-out which apparently had a powerful  load  relieving  effect 
on t ie   control   area  forvard of the hinge l i ne .  

It d g k b  be pointed  out tkt tne  hinge-line  locetion a t  53 percent 
chord effectively  reduces  the  relatively high hinge moments of the plain 
ilap-tme  control  (leading-edge  hinge  line) . Values of Cm for the 
plain  f lap,  i f  besel! on the s&me moment area  as  the present   t es t   resu l t s  
( t ha t  rearwmd of 55 percent  control  chord), would vary from skout -3 
t o  -12 ( r e f .  4) . 

tu 

Conparison of the slotted-control data xith  the  solid-control data 
ineicatee t h s t  t i e  e f fec t  of the slots was t o  reduce the absolute mgni-  
tuCe of Cre,cu. ThEs, it appeers the t  the  slots  acted t o  spoi l  the lift 

on t i e  cor-troi rearward of the hinge l i n e  as w e l l  as forward of the hinge 
l i n e .  The reduction in  restoring  mxent  varied f rox  20 t o  30 percent a t  
supersonic  speeds. 

Other Rerrarks 

Comparison of the hinge-moment resu l t s  of the  present  test  witn  the 
theory of reference 1 i s  poor. The prinzry  reason  for this  r e su l t  i s  
believed t o  be the load   re l ievkg  e f fec t  of the  control  bearing  support 
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cut-outs. The f e c t  that the  controls  acted as though t h e i r  hinge l i nes  
were forward  of 50 percent  control me= a e r o d y n d c  chord is  indicated 
by the stable restor ing monents. T'nis suggests that the  effect ive hinge- 
l ine  locatior- with respec t   to  damping moments a l so  was forward of the 
actual  location. Thus, it Eppeers that an actual  hinge-line  location 
rearwerd of 55 percent  control chord (to  counteract  the effect of the 
cutout) woul& have  been a better choice t o  prevent  unsteble aerodynamic 
damping. More specifically,  the poss ib i l i ty  of "buzz" prevention by 
means of a rearward hinge l ine  locat ion s t i l l  ex is t s .  

CONCLUDING REMKRKS 

The use of a hinge-line  location of 55 percent  control  chord did 
not  prevect  the  occurence  of  unsteble  control  aerodyndc damping. How- 
ever, the in s t ab i l i t y  was ni ld  and resu l ted   in   l imi ted   mpl i tude   osc i l la -  
t ions only sl ightly  greater  then the i n i t i a l  amplitude. 

Aerodyneslllc control dPspir?g mpeared t o  be more s tab i l iz ing  a t  the 
le rger   osc i l la t ion  mnplitudes f o r  a l l  Mach  numbers and control  amplitudes 
tested. 

Control  restoring moments were stable except for Mach nmhers less 
then about 0.85. The binge-line  location zt 55 percent  chord  considerably 
reduced the re la t ive ly  high restor ing momr-ts of the plain  flap-type 
control. 

The e f fec t  03 the slots  near  the  leading edge of one control- was t o  
decreese the supersonic  control  restoring moments about 25 percent and 
t o  decrease the absolute megnitude of the aerodynamic w i n g  moments 
especizlly a t  transonic  speeds. 

Langley Aeromuticel  Laboratory, 
Nat iond Advisoxy Comittee  for  Aeronautics, 

Lar-gley Field, Va., Septeznber 30, 1957. 
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APPENDIX 

METHOD OF DATA REDUCTION 

NACA RM L57525 

Th? general  solution to the single-degree-of-freedom moment  equation 
(16 + D6 + KE = 0) governing  the  free  motion of the  control  about  its 
hinge  axis  is  the  damped  sinusoid 

-Dt 
6 = Ale 21 sin ( w t  + $) 

- 

where 

I cor,trol mass inertia  about  the  hinge  line, - KO slug-ft 2 
00 

2' 

D torsional  demping  constant of the  system, f t-lb 
radiens/sec 

K torsional  spring  constant  of  the  system,  ft-lb/radian 

A1, pr constants  dependent  upon  initial  conditions  and  unimportarrt 
to this  investigation 

t time,  sec 

Lu 

I 
D 
21 

the  control  oscillation  frequency, ($ - (&)2, radians/sec 

A  mplitude of  control  oscillation  envelope 

A dot  over a syxbol indicates a first-order  time  derivative  and  two 
dots  indicate a second-order  tine  derivative. 

Subscripts o refer  to  preflight  values  measured  in  still  air. 

By measuring  the  frequency  and  logarithmic  damping  factor  of  the 
control  oscillatFor,  values  of D and K can  be  calculated  knowing 
the  control  system  inertia.  These  values  include  both  structural  and 
aeroiiynanic term. The  folloving  relationships  were  used  to  extract 
the  aerodynamic  coeTficients: 

. 



For the in-phase or  restoring-moaent  coefficient, 

Aerodyndc  f Total  Structural  ( r e s to r ing )  morr?ent = !restorin,) - ( restorin,) - restor ing 
\ moment  moment  moment 

or 

where U i s  the control BSS unbalance  about the hinge l i n e  and a2 
is the Eodel longitudinsl  acceleration.  Since  the effect of damsing OII 
the  to t s1   r e s to r ing  moment w s s  negl igible   for  the sm11 values of a w i n g  
obtained  and  because  the  control m ~ s 6  unbalance w a s  quite smell, the 
final working  form becaze 

These valiles of C should be considered  aversge  or  effective  because 

of possible  aero&yn&dc  nonlinearities. 
%,u 

For t'ne out-of-phsse o r  damping mrient  coefficient, 

Aerodynanic ( dmping ) = (E:&) - ( damping ) Structural  

moment  moment monent 

or 

The nodifying  factor 2 is used in   t he  lsst term t o  account f o r  the 

chenge i n  frequency betweea the preflight still-air masurements of 
s t ruc tura l   hnping  and the Pl ight  measurements of total   dmping.  Its 
use resul ted fron neasurenents which b-dicated that the s t ruc tu ra l  
dapping w c s  neither  viscous  nor  hysteretic  but  such that percent   c r i t i -  
ca l  danping vas indepenclent of frequency. I n   f i n a l   f o m ,  

CDO 
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or, since D = 2IuS 

JUGA RM L57525 

. 
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TABiX I 

D y n d c  Constants of Motiels 

Model A Model B 
Wing first bending  (control wing),  cps . . . . .  “- 225 
Wing first bendirg  (no-control wing), cps . . .  226  227 
Control-wing mode, cps . . . . . . . . . . . . .  162 278 

See following sketch: 

Model A 

Control still-air frequency,  cps . . . . . . . .  76 .I 91.1 

KO other wing or control nodes were apparent from 
the shake tests ap t o  a  freqEency of 350 cgs. 

Cor-trol h e r t i &  about hinge l ine,   slug-ft2 . . .  0.0002433 0.0001698 
Control ESS unbalance (tsil heavy), 

slug-ft  . . . . . . . . . . . . . . . . . . .  0.000343 0.000808 

. 
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Figure 1.- Details of control damping model. All dimensions are i n  inches. 
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(E) Model A plan view. 

('0) Whg-control close-up; model B. L-57-2775 

F i g c e  2. - Model phctographs . 
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(e) Rotating cam. 

"" "" " - 

(b) C a T  follower m d  control system. L-57-2776 

Figure 3.  - Pho-cographs of ncdel pluckin4 systex. 
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Figure 5.- Variation of dynamic pressure with Mach number. 
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Figure 6 .  - Sample telemeter  records. 
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(b) Model B. 

Figure 6. - Cont h u e d  . 
N r 
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Figure 7.- Vmiation of neasured t e r e  damsing w i t h  osc i l la t ion  
amplitude. 



24 

.6 .8 1.0 1.2 I .4 I .6 1.8 2.0 
M .. 

(a) Model A; = 3.5O. 
I 

12 

8 
Control 
damping 
coefficient 

4 

0 
-6 .a 1.0 I. 2 I A 1.6 1.8 2 .O 

M 

( b )  Lvodel E; @8 = loo. 

Figure 8. - Varia-kion  of control daqping coefficient with Mach nuxber. 
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Figure 9.- Variation of control  damping  coefficient with Mach number for various  oscillation 

amplitudes. UI 
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Figure 10. - Variation of reduced frequency parmeter  with Mach number. 
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Figure 11.- Variation 0% corrhol rcstorhg-moment coefficient with Mach  numbcr. UI 3 


